Abstract-The adsorption of "fresh" Mn(Ⅱ) and "aged" Mn(Ⅱ) on eucalyptus holocellulose was characterized under alkaline conditions. There was a good linear relationship between adsorbed Mn(Ⅱ) on cellulose and free Mn(Ⅱ) added. "Aged" Mn( Ⅱ ) showed stronger affinities to cellulose compared to "fresh" Mn(Ⅱ ) in the range of 0-18.18 μmol/g cellulose Mn( Ⅱ ) added. Approximately 40% of free "aged" Mn(Ⅱ) added was adsorbed on cellulose fiber. Adsorption of "aged" Mn( Ⅱ ) reached the ceiling about 7.66 μmol/g cellulose . Moreover, the effect of different states of Mn( Ⅱ ) on catalytic decomposition of hydrogen peroxide, such as free "aged" Mn(Ⅱ) and adsorbed "aged" Mn( Ⅱ ) on cellulose, was assessed. "Aged" Mn( Ⅱ ) adsorbed on cellulose fibre showed similar influence on peroxide decomposition compared to free "aged" Mn(Ⅱ ). In addition, DTPA showed a strong stability on peroxide with free "aged" Mn(Ⅱ), and it was better to add alkali and hydrogen peroxide to DTPA reaction mixture solution as quickly as possible. MgSO 4 combined with DTPA was the best way to stabilize peroxide in presence of "aged" Mn( Ⅱ ) adsorbed on cellulose fibre, and nearly half of peroxide could remain after 40 min.
INTRODUCTION
Aiming at a higher degree of water system closure and effluent free to meet the growing environmental legislative restriction, more and more transition metal ions like iron, copper and manganese, are accumulated in process effluents. Too many transition metals retention in process effluents are detrimental to oxygen-based bleaching. It has recently reported that most of hydrogen peroxide was consumed in transition metal catalytic decomposition [1] . Furthermore, products of hydrogen peroxide decomposition, such as oxygen, lead to production of new chromophores, as well as to oxidative degradation of carbohydrates, more deadly [2, 3] .
Manganese is the most harmful transition metal ion for the peroxide decomposition. It has been demonstrated that manganese is present in the pulp to the extent of 50-100ppm, and is derived mainly from the wood fiber itself. It will be accumulated much more with a higher degree of water system closure. It has found that manganese ion was aging under cooking environment pH>10, and present as finely dispersed colloidal particles of hydrated oxides or hydroxide [4, 5] . The catalytic activity of "fresh" manganese to peroxide under alkaline solution have an obvious tendency to slow down with the aging time until a smaller fixed value [6, 7] . This indicates that "aged" manganese is the main form in process water. In bleaching process "aged" manganese is present in different states, such as "nonequilibrium" suspended particles, oligomer dynamic equilibrium with carboxylic groups of fibre by means of ion exchange, and oligomer chelated with residual lignin by forming coordinate bond with phenolic groups [8, 9] . Many researches on metal adsorption properties of pulp have been reported under acidic or neutral conditions [10, 11] . To our disappointment, more information of adsorption properties of manganese with pulp under alkaline condition is still lacking in the literature.
Despite a lot of research works have been done with respect to the effects of manganese and additives during peroxide decomposition in the absence of pulp [12] , as well as presence of pulp [13] , much less is still known about the effect of manganese in the adsorption state with fibre. Different manganese forms (e.g., manganese-cellulose fibre, free manganese in aqueous solution) affect the catalytic activity of manganese towards peroxide decomposition to different degree and the stability of various additives are also different with presence of the different manganese states. And it is desirable to develop a greater understanding of the peroxide decomposition with different states of manganese .
In the first part of the present work, adsorption of manganese on Eucalyptus cellulose fibre under alkaline conditions was studied. In the second part, attempts were made to evaluate the effect of different states of manganese on catalytic decomposition of hydrogen peroxide, and the stability of different additives towards peroxide decomposition in presence of different states of manganese. 
A. Chemicals
The chemicals used were of analytical reagent without purified. The water used was Milli-Q deionized water (>18.2MΩ·cm), and standard solutions of NaOH were prepared used for adjusting pH.
B. Holocellulose prepared
The holocellulose was isolated by removal of lignin from eucalyptus wood with sodium chlorite in dilute acetic acid. The holocellulose sample was obtained under vacuum freeze drying for 48 h, until dryness of the sample was up to 90%. The sample was stored in a closed polyethylene bag until used in the experiment.
C. Mn(Ⅱ) absorption
"Fresh" solution was prepared by dissolving the appropriate Manganese Sulfate in Milli-Q deionized water. "Aged" solution was prepared by dissolving the appropriate Manganese Sulfate in Milli-Q deionized water at pH6.5 and boiling the resulting solution for 3 h [6] .
All absorption experiments were carried out in closed polyethylene bags maintained at a temperature bath about 80 ℃. The consistence of holocellulose was chosen 10%. The samples were kneaded continuously during 1 h of absorption reaction, and then taken out, cooled quickly, washed until no Mn(Ⅱ) could be detected in the filtrate. The results reported were average of duplicate determinations.
The amounts of Mn(Ⅱ) in the holocellulose and aqueous solutions were determined by Flame Atomic Absorption Spectroscopy(AAS) with WFX-IC Absorption Spectrograph in accordance with Tappi T266 [14] .
D. Decomposition of hydrogen peroxide
Peroxide decomposition was carried out at pH11.7 which was equivalent to dosage of alkali 2.5% to the pulp, initial hydrogen peroxide 1.58 g·L -1 , corresponding to dose of peroxide 3% to the pulp, pulp consistency 5%, and 70 ℃ in sealed polyethylene bags. Free "aged" Mn(Ⅱ) was chosen 6.1 mg·L -1 based on aqueous solution, and adsorbed Mn(Ⅱ) added in reaction system was equivalent to Free "aged" Mn(Ⅱ) in aqueous solution. The additives, MgSO 4 0.15%, Na 2 SiO 3 2.5%, and DTPA0.15%, 0.30%, individually or in combination, were chosen. At the end of the reaction, peroxide residuals were determined by a standard iodometric titration using ammonium molybdate solution as catalyst.
III. RESULTS AND DISCUSSION

A. Adsorption of "fresh" manganese(Ⅱ)
The results of adsorption experiments with addition of "fresh" Mn(Ⅱ) were shown in Fig.1 . There was a good linear relationship between adsorption and addition of "fresh" Mn(Ⅱ ) from 0 to 72μmol/gcellulose, and approximately 25% of added Mn(Ⅱ) was adsorbed. It seemed slightly useful for "fresh" Mn(Ⅱ) to adsorb on the fibre surface under alkaline condition. Adsorption of "fresh" Mn(Ⅱ) reached 20.57μmol/g cellulose , with 72.73μmol/g cellulose "fresh" Mn( Ⅱ ) and 0.5% NaOH added. And adsorbed "fresh" Mn(Ⅱ) didn't reach the ceiling within the experimental scope of this study.
B. Adsorption of "aged" manganese(Ⅱ)
The results of adsorption experiments under different additions of "aged" Mn(Ⅱ) showed that the adsorption increased with increasing additions of "aged" Mn(Ⅱ) in Fig.2 . Approximately 40% of added "aged" Mn(Ⅱ) was adsorbed on cellulose, which was much more than "fresh" Mn(Ⅱ)( ～ 25%). Besides, with 36.36μmol/gcellulose "aged" Mn(Ⅱ) a d d e d , a d s o r p t i o n o f " a g e d " M n ( Ⅱ ) w a s o n l y 7.66μmol/gcellulose. In another words, only 21% of added "aged" Mn(Ⅱ) was adsorbed. This disclosed that adsorbed "aged" Mn(Ⅱ) had reached the ceiling about 7.66μmol/g cellulose . It is well known that "fresh" Mn(Ⅱ) had already hydrolyzed in aging process, and existed in some polynuclear colloidal particles which had a stronger affinity to cellulose fiber. As a result, "aged" Mn(Ⅱ) showed more affinities to cellulose. With 36.36μmol/g cellulose "aged" Mn(Ⅱ) added, plenty of polynuclear colloidal particles were present as precipitate nucleating centers in aqueous solution, and much larger As the result of these large particles with little specific area which were difficult to impregnate cellulose fibre lumens or adsorbed on the surface of cellulose, and the adsorption of "aged" Mn(Ⅱ) reached the ceiling.
C. Decomposition of hydrogen peroxide
In bleaching process, manganese existed in some polynuclear colloidal particles which may involve Mn( Ⅱ ), Mn(Ⅲ) or Mn(Ⅳ) species. Manganese decomposes hydrogen peroxide into oxygen and water, by redox reaction [15, 16] . Superoxide radicals are formed in the reduction of manganese ions by hydrogen peroxide [17] .
1) Decomposition of hydrogen peroxide with different state mangnese(Ⅱ)
The decompositions of hydrogen peroxide with presence of different states of Mn(Ⅱ) were compiled in Table Ⅰ . The results indicated that without any alkali added peroxide decomposition rates with presence of different states of Mn(Ⅱ) were less than 15% after 1 h. Peroxide decomposition at pH11.7, without any different state Mn(Ⅱ) added, was much quickly, and most of peroxide could be decomposed within 1 h. With presence of cellulose and pH11.7, peroxide decomposition was just 54.69% within 1 h, because cellulose presence could strongly reduce the solution pH. With presence of either free "aged" Mn(Ⅱ) or adsorbed "aged" Mn(Ⅱ), pH11.7, most of peroxide could be decomposed within only 20 min. This indicated that either free "aged" Mn( Ⅱ ) or adsorbed"aged" Mn(Ⅱ) and alkali had a synergistic effect on catalytic decomposition of hydrogen peroxide. Influence of DTPA reaction time on decomposition of hydrogen peroxide with free "aged" Mn( Ⅱ ) in aqueous solution was compiled in Table Ⅱ . The results revealed that hydrogen peroxide decomposition rate increased with increasing DTPA reaction time. Within 45min hydrogen peroxide decomposition rate reached 57.85%, 61.11%, and 68.89%, with DTPA reaction time 5min, 10min, and 20min respectively. As a result, it was better to add alkali and hydrogen peroxide to DTPA reaction mixture solution as quickly as possible.
3) Influence of addition of DTPA, MgSO 4 , Na 2 SiO 3 , individually and combined on decomposition of hydrogen peroxide with free "aged" Mn(Ⅱ) in aqueous solution
A detail needed to be point out was that MgSO 4 , or Na 2 SiO 3 , either mixed together or added separately did not show any expected stability of hydrogen peroxide in presence of different states Mn (Ⅱ). Table Ⅲ showed the influence of addition of DTPA, MgSO 4 , Na 2 SiO 3 , individually and in combination on decomposition of hydrogen peroxide with free "aged" Mn(Ⅱ) in aqueous solution. The results disclosed that DTPA 0.30% offered a better stability compared to DTPA 0.15%, with 59.48%, 66.50% of hydrogen peroxide decomposed in 60 min respectively. MgSO 4 didn't deactivate the catalytic effects of free "aged" Mn(Ⅱ) in peroxide solution, which was consistent with the recent research [18] . Na 2 SiO 3 was not an effective peroxide stabilizer in the presence of free "aged" Mn(Ⅱ) in aqueous solution, with 81.87% of hydrogen peroxide decomposed in 60 min, because the solution pH was higher than11. DTPA 0.30% individually offered a better stability to hydrogen peroxide than other combination ways. Influence of addition of DTPA, MgSO 4 , Na 2 SiO 3 , individually and combined on decomposition of hydrogen peroxide with adsorbed "aged" Mn(Ⅱ) on cellulose fiber was compiled in Table Ⅳ . When Na 2 SiO 3 was added in combination with others, with presence of free "aged" Mn(Ⅱ) or adsorbed "aged" Mn( Ⅱ ), no significant difference in hydrogen peroxide decomposition was found. Peroxide decomposition was 84.72% within 40min with addition of DTPA 0.15% to adsorbed "aged" Mn( Ⅱ ) under alkaline condition. To our expectation, adsorbed "aged" Mn(Ⅱ) on cellulose fiber was greatly deactivated by MgSO 4 in combine with DTPA 0.15%, and nearly half of peroxide could remain after 40 min. Therefore, MgSO 4 in combine with DTPA was the best way to stabilize peroxide in the presence of adsorbed "aged" Mn(Ⅱ) [13] .
IV. CONCLUTION
The adsorption of "fresh" Mn(Ⅱ) and "aged" Mn(Ⅱ) on eucalyptus holocellulose were characterized under alkaline conditions. There was a good linear relationship between adsorbed Mn(Ⅱ) on cellulose and free Mn(Ⅱ) added. "Aged" Mn( Ⅱ ) showed stronger affinities than "fresh" Mn( Ⅱ ) in range of 0-18.18μmol/g cellulose . About 40% of added "aged" Mn(Ⅱ) was adsorbed on cellulose. Besides, adsorbed "aged" Mn(Ⅱ) had reached the ceiling about 7.66μmol/g cellulose .
Catalytic decomposition of peroxide with different states of Mn(Ⅱ), such as free "aged" Mn(Ⅱ) and adsorbed "aged" Mn( Ⅱ) on cellulose, was also studied. "Aged" Mn(Ⅱ) adsorbed on cellulose fibre and free "aged" Mn(Ⅱ) in aqueous solution showed similar influence on peroxide decomposition, with addition of stabilizers. DTPA0.30% showed a strong stability effect on peroxide with free "aged" Mn(Ⅱ) in aqueous solution under alkaline condition. Furthermore, it was better to add alkali and hydrogen peroxide to DTPA reaction solution as quickly as possible. In presence of "aged" Mn(Ⅱ) adsorbed on cellulose fibre, MgSO 4 in combine with DTPA was the best way to stabilize peroxide within the experimental scope of this study and nearly half of peroxide could remain after 40 min.
